is a sinus arrhythmia with a cycle length varying between 0.68 and 0.96 second, corresponding to rates of 88 to 62 per minute. During the faster phases, sinus impulses control depolarization of both ventricles and the QRS complexes have a pattern typical of rBBB (complex A). During the slower phases, there is A-V dissociation due to escape of a ventricular pacemaker operating at a regular rate of 68 (cycle length 0.88 second ); in the absence of antecedent atrial aetivity, it gains control of both ventricles and interferes with sinus impulses in the A-V junetion. The 1BBB contour of these complexes (L-N) suggests that the ectopie impulses originate in the right ventricle. With sinus rates in the intermediate range, the sinus and ectopic impulses meet in the ventricles and ventricular fusion beats of various contour are produced. Depending on the extent to which the sinus or ectopic impulse predominates in ventricular depolarization, the fusion beats resemble more or less one or the other of two basic patterns (B-K). The longer intereetopic interval between the third (fusion) and the seventh (ectopic) ventricular complexes of the continuous record, an interval which includes a pure sinus beat (the fifth QRS), is a multiple of the simple ectopie cycle. This indicates that the right-sided ventricular focus is "protected' from sinus impulses and hence acts in a parasystolic manner.
Case 2
A 45-year-old man with long-standing rBBB was admitted to the University of California Medieal Center in Los Angeles with a history of syncopal attacks and documented periods of complete A-V dissociation due to A-V block. Isoproterenol medication maintained normal A-V conduction, but another arrhythmia, which is illustrated in figure 2, developed and persisted after discontinuation of isoproterenol. As in case 1, an irregular sinus pacemaker (rate 54 to 67) competes for ventricular activation with a right-sided parasystolic pacemaker which discharges at a regular rate of 60. When the sinus node accelerates, it controls both ventricles, but the ventricular complexes are abnormal due to rBBB (complex A). When the sinus rate slows, the parasystolic pacemaker in the right ventricle gains control over both ventricles (complexes G-H), resulting in intermittent A-V dissociation. During the transi- Right-sided ventricular pa,rasystole in the presence of rBBB. The continuous record (above) is a representative portion of a long lead 1. In the diagram the numbers under A are measureable P-P intervals and those under V are intervals between consecutive QRS complexes. Dowonward-directed arrows indicate propagation of sinus intpulses toward and into the left ventricle; upward-directed arrows, originating in dots, represent-discharges and propagation of the regular parasystolic p,acemaker in the right ventricle. Varying points of interference of the two impulses, some of which result in ventricular fusion beats, are indicated by the lengths of the two opposing arrows. T'he fifth and second last sinus impulses are unopposed but fail to plenetrate the area of the parasystolic ventricular focus since the timing of the latter is unaffected. However, these two "protected" discharges of the ventricular focus do not propagate since the ventricular myocardium is completely refractory after a preceding sinus impulse. The single P-QRST complexes (A-N, below) are enlarged reproductions of the different types of ventricular complexes encountered in lead I of the entire material. They are arranged to illustrate (1) the gradual transition of a pure rBBB pattern (A) to that of a pure 1BBB (L-N) over fusion beats (B-K) and (2) the dependence of the varying contour and duration of QRS on the gradually shortening P-R interval.
tion from one rhythm into the other, the two activation fronts meet within the ventricles and various types of fusion beats are produced (complexes B-F). Though some of these have the features of the ventricular preexcitation (WPW) syndrome, this interpretation is definitely excluded by the last part of the continuous lead I where normal P waves are inscribed after the QRS of the anomalous beats. Case 3
A 43-year-old womaan in chronic congestive heart failure due to hypertensive arteriosclerotic heart disease. Numerous electrocardiograms during 18 months of observation at Michael Reese Hospital in Chicago disclosed persistent rBBB and a progressive disturbance of A-V conduction terminating in complete A-V dissociation. The electro-cardiogram illustrated in figure 3* was obtained at the time of second-degree A-V block. During a predominantly 2:1 response of the ventricles to sinus impulses, a parasystolic pacemaker in the right (blocked) ventriele escapes and continues to discharge at about half the atrial rate. The parasystole interferes with the slightlv irregular sinus impulses either in the A-V junction (causing transient A-V dissociation) or within the ventrieles, causing fusion beats of variable contour. impulses can gain complete control of both ventricles; or one or the other gains predominant control over ventricular activation (B-C and F-G respectively) ; or they share in the ventricular activation process to about the same extent (D-E). Case 4 A 59-year old barber suffering from fainting spells was treated at the Mount Sinai Hospital in Chicago. Complete A-V dissociation due to advanced A-V block was documented electrocardiographically on one occasion. All other electrocardiograms showed undisturbed sinus rhythm with normal P-R interval and 1BBB. Except for a grade II apical systolic murmur there were no significant physical abnormalities. The electrocardiogram shown in figure 4 was recorded 2 weeks after implantation of an artificial pacemaker connected to the left ventricle. The interference of the "iatrogenic parasystole"2 with sinus impulses activating the ventricles from right to left (due to the antecedent 1BBB) produces an arrhythmia similar to that seen in cases 1 to 3. Artificial im-pulses occurring within the S-T seginent of sinus beats (A in the lower row) fail to initiate ventricular depolarization as they reach the ventricle during its refractory period. Artificial stimuli falling during the inscription of T, or any time thereafter during ventricular diastole, are followed by a ventricular response (G-I). Coincidence of ventricular stimulation by natural and artificial impulses results in various types of fusion beats (C-F).
The Physiologic Basis and Methods for the Calculation of the Transseptal Conduction Time
The term transseptal conduction time used in this study is defined as the interval spent by the impulse in spreading from the Purkinje system of one ventricle to that of the contralateral ventricle. When conduction through one bundle is interrupted, as in all four presented cases, the fastest means by which a Figure 2 Right-sided ventricular parasystole in the presence of rBBB. The two continuous records (above) are representative portions of lead I and lead VI respectively. The conventions in the diagram are the same as in figure 1 . The fourth sinus impulse in V1 activates both ventricles but does not prevent discharge of afn impulse by the parasystolic focus due at this time ("protection"). However, the parasystolic impulse cannot propagate, since ventricular myocardium surrounding the ectopic focus is refractory after excitation by the sinus impulse. The various P-QRST combinations encountered in lead I of the entire material are arranged (below) to show the gradual transition of a pure rBBB pattern (A) through a series of fusionr beats (B-F) into one of pure IBBB (G-H).
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Figure 3
Right-sided ventricular parasystole in the presence of rBBB and a second-degree A-V block. The two strips (above) are representative continuous (overlapping) portions of a long lead 1. The meaning of the symbols and numbers in the diagram is the same as in sinus or a parasystolic impulse can complete excitation of both ventricles is by an activation front moving through the ventricular septum, with some delay, via ordinary as well as specific muscle fibers.3 8 Other, longer interventricular conduction pathways outside the ventricular septum may participate in this abnormal activation process. The retardation of impulse propagation may be diffuse and uniform8 or localized in a "physiologic barrier.5' 10 Further experimental investigation is needed to resolve these problems8 but for the subsequent considerations the exact meehanism of the delay is immaterial.
The electrocardiograms of all four cases of this report permit calculation of the transseptal conduction time by two independent methods. One is based on comparison of P-R intervals of sinus and parasystolic beats, the other on comparison of QRS durations when the ventricles are activated simultaneously and sequentially. All necessary measurements were performed on enlarged reproductions of the various complexes encountered in lead I, The P-R interval of the rBBB complexes illustrated in figures lA, 2A, and 3A represents the time required for a sinus impulse to traverse the atria, the A-V conduction system, and the left bundle branch to initiate left ventricular activation. Thereafter, the impulse crosses the interventricular septum with a certain delay to activate the entire right ventriele before discharge of the parasystole. If, however, the right-sided parasystole releases an impulse before right ventricular activation by the sinus impulse has been completed, various types of ventricular fusion beats result due to more or less simultaneous activation of both ventricles (figs. lB-K, 2B-E, 3B-G). As long as the parasystole discharged after initiation of left ventricular activation by the sinus impulse the QRS duration will become shorter but the P-R interval will not change (figs. 1B-E, 2B-C, 3B-D). If the parasystolic discharge occurs before initiation of left ventricular activation by the sinus impulse, the P-R will be shortened and the influence of the sinus impulse will be manifest only in the terminal part of the anomalous QRS (figs. IF-K, 2D-E, 3E-G). Progressively earlier discharge of the parasystole will thus cause progressive shortening of the P-R distance while the ventricular complexes come to resemble more and more the contour of the parasystolic beats. Eventually the parasystolic discharge occurs so early that it reaches the Purkinje system of the left ventricle before the sinus impulse and gains complete control of this chamber. Hence the ventricular com- ali:
;43,g V Table 1 P-R Intervals and QRS Durations of Complexes A-N in Figure 1 Complex a ventricular complex of pure lBBB configuration corresponds to the time spent bv the sinus impulse in traveling down to the ventricles when it is unable to activate the leftsided Purkinje system because this area has been reached by the right-sided parasystolic impulse just before. By subtracting this P-R distanee (A in table 1, F in table 2, and H  in table 3 ) from the inormal P-R interval (A in tables 1 to 3) one can obtain the time needed by the parasystolic impulse to traverse the ventricular septum and thus prevent the sinus impulse from entering the Purkinje system of the left ventricle. The results of such calculations of the right-to-left transseptal conduction tinle in cases 1 to 3 are listed in table 5.
The same principles are applicable to case 4. Here both the bundle-branch block and parasystolic pacemaker are located in the left ventricle and the calculation (A and G in table 4) provides a measure of transseptal conduction time from left to right (table 5) .
The application of method I requires two assumptions: (1) that impulse transmission in the Purkinje svstem is much more rapid than transseptal transmission and (2) that the parasystolic impulse is conducted in the Purkinje system soon after its discharge. The first assumption appears valid in the light of many measurements; for example, Scher and Young"1 estimate that inipulse transmission is three times as fast in the Purkinje system as in the ventricular nvyocardium. The second assumption finds support in the work of Durrer and van der Tweel,6 who found that artificially produced ventricular extrasystoles activated the Purkinje systemn of dogs and goats, within a centimeter of the point of stimulation. Similar observationis were recently reported by Morishima.7
Method II. Comparison of the Longest and Shortest QRS Duration
This method is based on a comparison of minim.al QRS durations of fusion beats with maxtnial QRS durations of complexes of rBBB and lBBB configuration. It is illustrated diagrammatically in figure 5 .
The shortest QRS of a fusion beat (figs. ID, 2C, 3D, and 4E) is equal to the time required for depolarization of the ventricle with the longer activation time ( fig. 5A ). In such fusion beats the activation of the other (faster) ventricle will, of necessity, have been completed within this interval.
Prolongation of QRS will result from delay of stimulation of one of the ventricles. If the activation times of both ventricles were idenitical, the prolongation of QRS resulting from this asynchronous oinset of activation would be the same regardless of which ventricle is activated first. This cannot be true in the four cases presented, since the QRS duration of pure 1BBB complexes is greater in each than that of pure rBBB complexes.
When the duration of activation of the two ventricles is not the same, maximal QRRS prolongation will occur when the ventricle with the faster activation tinme (the right in the presented four cases) is stimulated first (coin- pare figures 5B and 5C). When the ventricle with the slower activation time is stimulated first, the prolongation of QRS will measure less than the time interval between the onset of stimulation of each of the two ventricles. Thus, in figure 5B , where the difference in duration of activation of the two ventricles is four units and the (right) ventricle with the faster activation time is activated six units later than the left, QRS will become prolonged Circulation, Volume XXVII, June 1963 by only two units. In figure 5C , on the other hand, where the (right) ventricle with the faster activation time is stimulated first, the resulting QRS prolongation equals the time interval between onset of activation of the two ventricles, both being six units. This interval comes closest to the time span required for the impulse to traverse the septum and, hence, the difference between the longest and shortest QRS durations (tables 1 to 4) can be considered to represent the transseptal conduction time (table 5) . It is, moreover, possible to calculate the duration of right and left ventricular activation times in the presented cases. The longer QRS duration of pure 1BBB complexes compared with pure rBBB complexes indicates that in all four instances the depolarization process in the left ventricle must last longer than in the right (compare figures 5B and 5C). The total duration of the depolarization process in the ventricle having the longer ae- Table 3 P-R Intervals and Q9S Durations of Complexes A-I in Figure 3 Table 4 P-R Intervals and QRS Durations of Complexes A-I in Figure 4 Table 5 The tivation time (the left) is defined in each individual by the shortest QRS duration of a fusion beat ( fig. 5A ). Depolarization time of the right ventricle is shorter by an amount equal to the difference between the QRS durations of beats having pure left and those having pure right BBB configuration, assuming that the transseptal conduction time is the same regardless of in which direction the impulse crosses the septum. Calculations in cases 1 to 4 based on this method of determining right and left ventricular activation times (" dextrocardiogram and levocardiogram") are presented in table 7.
Results
The data from which transseptal conduction time has been calculated in the four cases are listed in tables 1 to 4. The results of the calculations by the two methods are presented in table 5 and are compared in table 6. The durations of the dextrocardiogram and levocardiogram, derived as a corrollary of method II, are presented in table 7 .
The results of this study indicate a considerable range of average values: 0.065 to 0.115 second in the four cases. There is, however, an excellent consistency of values obtained by the two methods in the individual eases (table 6) .
The duration of the levocardiogram was longer than that of the dextrocardiogram by 0.01 to 0.03 second in all four cases (table 7) .
Discussion
The time interval for transmission of the cardiac impulse across the ventricular septum was one of the first features to be studied in experiments dealing with the electrical activity of the heart. Lewis and Rothschild in 19153 and Lewis in the following year,12 experimenting on dogs, found that activation of a point in the free wall of either ventricle was delayed by nearly 0.04 second after sectioning of the bundle branch on that side. This delay corresponds to the transseptal conduction time as defined in the present study.
In 1920 and 1921, Wilson and Herrmann13' 14 sectioned the right bundle braneh of dogs and applied rhythmic induction shocks to the right ventricle at various points of the cardiac cycle. The electrocardiographic records obtained during these experiments correspond closely to the presented cases with parasystole; their experimental data can thus be used to test the validity of the two methods described here. After production of rBBB, the difference between the normal P-R and the longest P-R preceding a complex attributable entirely Table 7 The using data more precise than can be obtained from the clinical records upon which this report is based. Mfore recent studies, with bipolar leads placed in the ventricular septum of dogs, are in agreement with these deductive determinations of transseptal conduction time. Direct measurement in both rBBB and 1BBB reveals a delay of 0.03 to 0.04 second in transmission of the impulse from one septal surface to the other.'0 The shortest values for transseptal impulse propagation found in the human series of this report are about twice as long. This is in accord with the observation that the time required for total ventricular depolarization in the dog is less than half that observed in man."l Electrocardiograms in a recent report15 of a patient with 1BBB and fusion beats apparently originating in the blocked ventricle lend themselves to calculation of left-to-right transseptal conduction time by method II. Our measurements in the original records reveal a transseptal conduction time of 0.08 second.
The principle of our method I-determination of the point of interference of supraventricular and ventricular impulses for measurement in man of a certain segment of intraventricular conduction-was used by Ashmanl6 to estimate the time needed for an ectopic impulse to reach, in retrograde fashion, the bifurcation of the common bundle via an intact bundle branch. Transseptal conduction time can be determined by this method only in the presence of bundle-branch block.
The shortest, and probably most nearly normal, value for transseptal conduction time, 0.065 second, was found in cases 1 and 4. The former was an asymptomatic adolescent with a small ventricular defect while the latter was a man with a major conduction disturbance. Case 2, with the recent onset of intermittent A-V block, had a transseptal conduction time of 0.10 second while case 3, with increasing A-V block, had the longest transseptal conduction time of 0.115 second. It seems reasonable to conclude that the values of 0.10 and 0.115 second are abnormally long and that, especially in case 3, the progressive disease process affecting the A-V conduction system may have involved the interventricular septum as well.
Knowledge of the normal time required for the cardiac impulse to traverse the ventricular septum in the human heart has some bearing on the concept of "complete" bundle-branch block. Wilson and Herrmann'4 recognized that any delay in passage of an impulse through one of the bundle divisions amounting to 0.03 to 0.04 second (the transseptal conduction time in the dog) will produce the same results as complete bundle-branch block. If the present estimate of the normal transseptal conduction time in man is correct, unilateral retardation of impulse propagation distal to the bifurcation of the bundle of His by a little more than 0.06 second would produce an electrocardiographic pattern indistinguishable from total anatomic interruption of a bundle branch. Hence, the term "complete " bundle-branch block, as used in routine electrocardiography, is actually a misnomer'7 to be understood in a functional rather than in an anatomic sense.'8 Summary Four unusual cases of bundle-branch block with a parasystolic rhythm originating in the blocked ventricle are described. Varying interference of natural and parasystolic impulses permits calculation of the transseptal conduction time in man by two independent methods. The physiologic basis of each method is discussed and its validity confirmed by ap-Circulation, Volume XXVII, June 1963 plication to data from animal experiments available in the literature.
The normal tranisseptal conduction time in the human heart is estimnated to be 0.06 to 0.07 second in both directions. This is about twice as long as in the dog. Under pathologic conditions, it may lengthen to at least 0.115 second.
A functionallv "complete" bundle-branch block can result from a delay in impulse transmission downi one of the bundle branches greater thani the transseptal conduction time, and need not be due to total anatomic interruption of one bundle braneh.
